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a user specifies keywords at the image query
interface to retrieve sample images [\~ S501

Y

displaying sample images on the image query interface [ \_- S502

> the user selects target feature points on sample images ) S503

A

locating target objects according to the target feature points ~\_- S504

displaying the target objects corresponding to the target feature points N\_S505

on the image query interface

Y

NO

deciding
whether the presented target objects are

the objects that the user desires S506

sending an request for a search | \_- $507

'

performing similarity calculations between the target objects
and the images in the image database 8508

A

arranging the candidate images in sequence according to the

values obtained in the similarity calculations and outputting —_s500

candidate images having been arranged in sequence

Fig.5



US 2007/0286531 A1

Dec. 13,2007 Sheet 6 of 13

Patent Application Publication

961

ve

yoless Jobunquiey

plomAay indul

sabewl
peojumop/peojdn

89

yoleas

Z29 ] uonsjdwos uonos|es juiod ainjesy

HJOX() LON() do() aNv()

¢ obewi s|dwes

Z obew| o dwes

L obewl o|dwes

uolloo|os U_C_On_ alnjes]




US 2007/0286531 A1

Dec. 13,2007 Sheet 7 of 13

Patent Application Publication

. Bi4 e

yoJeos

piomAay 1ndul

89 | yoiess

29 T\ uope|dwoo uonosiss juiod ainjesy

dOX(O) LON(O) "o aNv()

¢ obew| s|dwes

Z obew o|dwes

peojumop/peojdn

sabewl

Y9

uoljos)las julod ainjesy

09

- 9%9

— av9




US 2007/0286531 A1

Dec. 13,2007 Sheet 8 of 13

Patent Application Publication

8

614

abedawoy yoieas 0) yoeq

abed 1xsu

abed
snoinaud




US 2007/0286531 A1

Dec. 13,2007 Sheet 9 of 13

Patent Application Publication

6 614

yoless

uopa|dwos uoposes ulod alnjes)

piomADy Indul

peojumop/peojdn

sobew)

q09

HoX() LON() "0 anv()

uonosjes julod ainjes;

e09




Patent Application Publication  Dec. 13,2007 Sheet 10 of 13  US 2007/0286531 Al

x| o
W
<+
o
0 <t e
| [} w
-
> w
N -
)
= w L
)
A ]
O
LL
-—
T 0 e
_‘ .
o
L.
-]
[sp]
N
1ed o ul
a
B
C
ﬂ—\ S5
L ]
gC_U
a?
Bl - | o o <
Q w w w w
fe)
(@)




Patent Application Publication  Dec. 13,2007 Sheet 11 of 13 US 2007/0286531 Al

L | w
L
<t
mﬂ-
()] < o)
-] LLl LU
0 N
—
KoY
LL
<
— N L
ke
e
n
c
0o
e
0
1))
[
c
0
=
n
Q o~ <t
- )
(NN L | L
'
O
2
o)
®)




Patent Application Publication  Dec. 13,2007 Sheet 12 of 13  US 2007/0286531 Al

X | o
L
<
.
(@] < o
- 18 1N
Q <r
—
k=)
™ L
-—
<~
D - L o
L
@ 5
c
[]
C
ke
—
«
(0] — - N [sg] <t
— TN 1N [T 1N
c
o
e
)
(o]
ey
Q
2
0
o]




Patent Application Publication  Dec. 13,2007 Sheet 13 of 13  US 2007/0286531 Al

o
a © o
O )
< <+
B 13 R
a ©
-
o)
0 ™
-
: _ <
ke — ) O
L
=3
.C
(/2]
C
ke,
©
(1M}
| =
C
0
G
0
k)
Q
'8 — N (o) <
o ) b )




US 2007/0286531 Al

OBJECT-BASED IMAGE SEARCH SYSTEM
AND METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to image search,
particularly to an object-based image search.

[0003] 2. Description of the Related Art

[0004] Due to the fast advance of computer science,
digital contents, particularly digital image data, expand
explosively. Thus, how to obtain desired images from mas-
sive image data becomes an important topic.

[0005] One of the existing search methods is using con-
tents-description words to search for desired images. How-
ever, annotating a massive image data is a laborious work.
Further, the semantic gap between the annotator and the
searcher often influences the search results.

[0006] A U.S. Pat. No. 6,859,802 B1 disclosed a method
using “user’s relevance feedback™ to search for desired
images. However, the “user’s relevant feedback” usually
cannot indeed express the target images. For example, when
a user intends to search for images having a beach, he selects
several pictures containing a beach and feedbacks them to a
search system. The system analyzes the components of those
pictures, such as colors, textures, edges, etc., and finally
recognizes that all those pictures contain a beach. The
common feature is then used as the key feature to find out
beach-containing pictures from the database. However, a
picture containing a beach usually also contains a scene of
sea. Thus, the search system is likely to regard “sea” as the
common feature and thus retrieves incorrect pictures con-
taining only “sea” but without a beach. To overcome such a
problem, the user has to provide the system sample pictures
containing “beach” but without “sea”. However, it is a
laborious and troublesome task. Therefore, complicated
algorithms were proposed to improve the abovementioned
drawback. Nevertheless, target objects are still hard to
directly and correctly define. For the details, refer to Xiang
Sean Zhou and T. S. Huang, “Relevance Feedback for Image
Retrieval: a Comprehensive Review”, ACM Multimedia
Systems, 8(6): 536-544, 2003.

[0007] Recently, some researchers have proposed object-
based image search system, wherein a user defines key
objects in sample images, and the system petforms searches
according the key objects (Refer to M. S. Drew, Z. N. Li, and
7. Tauber, “Illumination Color Covariant Locale-Based
Visual Object Retrieval”, Pattern Recognition, 35(8):
87-1704, 2002). Such a method enables users to directly
define target objects and thus has much better search results
than previous methods. However, defining target objects in
sample images usually needs an image-segmenting software
tool, such as a “Magic Wand” or a “Snake” (Refer to
Ze-Nian Li and Mark S. Drew, “Fundamentals of Multime-
dia-Chapter 18”7, Pearson Prentice Hall PTR, Upper Saddle
River, N.J., 2004). Thus, users have to install and learn these
tools. It is indeed a trouble for those who just intend to
search for desired pictures but do not want to learn any
image-segmenting software tool. The biggest drawback of
this method is that the image-segmenting tool cannot pre-
cisely segment an object from the image, which has been a
stickler in the field for many years. When searches are based
on the features extracted from the inaccurate objects seg-
mented by the abovementioned tool, the search results are
unlikely to be satisfactory naturally.
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[0008] Accordingly, the present invention proposes an
object-based image search system and a method thereof to
overcome the abovementioned problems.

SUMMARY OF THE INVENTION

[0009] The primary objective of the present invention is to
provide an object-based image search system and method,
which greatly humanizes image-searching tasks, and
whereby a user may visually specify an image-query task via
directly designating desired target objects on an image query
interface.

[0010] Another objective of the present invention is to
provide an object-based image search system and method,
which greatly conveniences image-searching tasks, and
whereby a user may perform an image-searching task with-
out using any image-segmenting software tool, such as a
“Magic Wand” or a “Snake”, and the search system may be
free from the errors caused by an improper executing of
image-segmenting software.

[0011] Yet another objective of the present invention is to
provide an object-based image search system and method,
which may increase users” desire to use the image search
system and method, and whereby a user may perform logic
operations on the query items to attain search results without
any undesired feature via actively selecting desired target
features and screening out undesired target features.
[0012] Further another objective of the present invention
is to provide an object-based image search system and
method, wherein the comparison of an image-searching task
is based on color parameters, texture parameters and shape
parameters, and the search task is further based on the
relative position of the target objects determined by the user.
[0013] To achieve the abovementioned objectives, the
present invention proposes an image search method, which
retrieves at least one relevant image from a plurality of
candidate images via computerized calculations, and
wherein each candidate image has at least one candidate
object, and each candidate object has a plurality of candi-
date-object feature parameters. The image search method of
the present invention comprises the following steps:
[0014] providing an image query interface, wherein the
image query interface may present p sample images, and a
user may visually specify q target feature points from the p
sample images, where p21, and q=1;

[0015] locating q corresponding target objects from the p
sample images according to the q target feature points,
wherein each of the q target objects has a plurality of
target-object feature parameters;

[0016] performing similarity calculations based on the
candidate-object feature parameters and the target-object
feature parameters to retrieve images relevant to the q target
objects; and

[0017] arranging the relevant images in sequence accord-
ing to the values obtained in the similarity calculations and
outputting the relevant images having been arranged in
sequence.

[0018] The present invention also proposes an image
search system, which retrieves at least one relevant image
from a plurality of candidate images via computerized
calculations and comprises a processor, a memory and a
storage device, wherein the memory has an image search
engine, and the storage device has an image database, and
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the image database contains a plurality of candidate images,

and the processor operates the image search engine to realize

the following mechanisms:

[0019] Mechanism A: providing an image query interface,
wherein the image query interface may present p sample
images, and a user may selects q target feature points from
the p sample images, where p=1, and q21;

[0020] Mechanism B: locating q corresponding target
objects from the p sample images according to the q target
feature points, wherein each of the q target objects has a
plurality of target-object feature parameters;

[0021] Mechanism C: performing similarity calculations
between the q target objects and the plurality of the
candidate images to retrieve images relevant to the q
target objects, wherein each candidate image has at least
one candidate object, and each candidate object has a
plurality of candidate-object feature parameters that coop-
erate with the target-object feature parameters of the q
target objects to implement the similarity calculations;
and

[0022] Mechanism D: arranging the candidate images in
sequence according to the values obtained in the similar-
ity calculations and outputting the candidate images hav-
ing been arranged in sequence.

[0023] Below, the embodiments are described in detail to

make easily understood the objectives, technical contents,

characteristics and accomplishments of the present inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a diagram schematically showing that a
user links with the image search system of the present
invention via a computer and a communication network;
[0025] FIG. 2 is a diagram schematically showing that the
architecture of the image search system according to the
present invention;

[0026] FIG. 3 is a diagram schematically showing that an
image is processed into a plurality of objects according to
the present invention;

[0027] FIG. 4 is a diagram schematically showing an
embodiment of a feature database according to the present
mvention;

[0028] FIG. 5 is a flowchart of the process that the image
search engine searches for the relevant images according to
the present invention;

[0029] FIG. 6 is a diagram schematically showing an
embodiment of an image query interface according to the
present invention,;

[0030] FIG. 7 is a diagram schematically showing that a
user selects target feature points on an image query interface
according to the present invention;

[0031] FIG. 8 is a diagram schematically showing that an
image query interface presents relevant images according to
the present invention,

[0032] FIG. 9 is a diagram schematically showing that
target feature points are selected from a plurality of sample
images presented on an image query interface according to
the present invention;

[0033] FIG. 10 is a diagram schematically showing the
relative positions of target objects E1-E4;

[0034] FIG. 11 is a diagram showing a relative-position
matrix of the target objects shown in FIG. 10;

[0035] FIG. 12 is a diagram showing a simplified relative-
position matrix of the target objects shown in FIG. 10;
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[0036] FIG. 13 is a diagram schematically showing the
relative positions of target objects F11-F4;

[0037] FIG. 14 is a diagram showing a simplified relative-
position matrix of the target objects shown in FIG. 13;
[0038] FIG. 15 is a diagram schematically showing the
relative positions of target objects G1-G4; and

[0039] FIG. 16 is a diagram showing a simplified relative-
position matrix of the target objects shown in FIG. 15.

DETAILED DESCRIPTION OF THE
INVENTION

[0040] Below, the present invention is exemplified with
the embodiments of searching for images over a communi-
cation network.

[0041] Refer to FIG. 1 a diagram schematically showing
that a user links with the image search system of the present
invention via a computer and a network.

[0042] Similar to a common server, the image search
system 10 shown in FIG. 1 comprises a processor 12, a
memory 14, a storage device 16 and a network interface 18,
wherein the memory 14 has an image search engine 20, and
the storage device 16 has an image database 22 and a feature
database 24.

[0043] 1t is to be noted that the image search system 10
may comprises a plurality of computers or servers. For
example, one server is responsible for the image search
engine, and the other server is responsible for the image
database and the feature database; the servers or computers
are interconnected via an intranet or an extranet (such as the
Internet).

[0044] Refer to FIG. 2. The image search engine 20
comprises a feature-point checking program 26, a feature-
similarity calculating program 28, a sorting program 30, an
object-processing program 32 and an image search interface
34.

[0045] The image database 22 comprises a plurality of
images (such as photographs, pictures, figures and diagrams
drawn by computers, etc.). Each image is processed into a
plurality of objects by the object-processing program 32,
and a plurality of target-feature parameters are extracted
from each object.

[0046] Refer to FIG. 3 a diagram schematically showing
that a hamburger image 36 is processed into m, pieces of
objects 50 by the object-processing program 32, wherein
each object is denoted by an ellipse. One object is estab-
lished by a similar-color region, in which each pair of
adjacent pixels having color difference less than a predeter-
mined value I'c. A conventional color-difference calculation
method is to calculate the color distance between two points:
AC=[(h,-h,)*+(S,-S,)*+(v,~v,)*] "> =T, wherein h,, s, and
v, are the three components of the HSV (Hue, Saturation,
and Value) color space, and I'C is a predetermined value. I'C
may have different values to meet various user’s queries.
The smaller the value of I, the more objects from an image.
[0047] It is to be noted: there are many methods to
construct objects via similar-color regions (such as regions
of AC=T). In the present invention, an object is denoted by
an ellipse. However, an object may also be denoted by
another geometrical shape, such as a rectangle or a circle.
Each region may also comprise a plurality of objects. For
example, a big ellipse may be firstly placed inside a similar-
color region, and then several smaller ellipses (such as four
ellipses) are filled into the region outside the big ellipse but
inside the similar-color region. For the detailed technology
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of constructing an objects from similar-color regions, refer
to Chad Carson, Serge Belongie, Hayit Greenspan, and
Jitendra Malik, “Blobworld : Image Segmentation Using
Expectation-Maximization and Its Application to Image
Querying”, IEEE Trans. On Pattern Analysis and Machine
Intelligence, 24(8), 1026-1038, August 2002.

[0048] Refer to FIG. 4 a diagram schematically showing
an embodiment of a feature database. The image feature
database comprises fields for image 1.D. 241, keywords 242,
color parameters 243, texture parameters 244, shape param-
eters 245 and position parameters 246. The field for image
1.D. 241 is used to record the indexes for images, such as the
serial numbers of images. The field for keywords 242 is used
to record the keywords describing images and implement
keyword image searches. The field for color parameters 243
1s used to record the color parameters of the objects of each
image. The field for texture parameters 244 is used to record
the texture parameters of the objects of each image. The field
for shape parameters 245 is used to record the shape
parameters of the objects of each image. The field for
position parameters 246 is used to record the position
parameters of the objects of each image.

[0049] Suppose the hamburger image 36 shown in FIG. 3
is the i-th image in the image database 22. Then, the
hamburger image 36 has an image 1.D. 241 of “i” in the
feature database 24. The hamburger image 36 has a keyword
key,, of “hamburger” and a keyword key, , of “food”. As the
hamburger image 36 has 1 pieces of objects 50, it has i sets
of parameters. For example, the second object of the ham-
burger image 36 has a color parameter 243 of (h, 5, S, 5 v,5),
which ordinarily represents the average color value of the
second object region.

[0050] The texture parameters 244 of each object may be
obtained with a wavelet extraction technology. For example,
the wavelet filters of ten frequency bands may be used to
extract ten standard deviation values from different fre-
quency bands of the texture of the object to represent the
texture parameters of the object region. Thus, the second
object of the hamburger image 36 has the texture parameters
of (t, 51), (t;22), - -5 (t;2.10). For the detailed technology of
the wavelet extraction technology, refer to S. Livens, P.
Scheunders, G Van de Wouwer, and D. Van Dyck, “Wavelets
for Texture Analysis, and Overview”, In Proc. IPA, IEEE
Pub. No. 443, Volume 1, pages 581~585, 1997.

[0051] Refer to FIG. 3(). In this embodiment, each object
50 is denoted by an ellipse. The shape of an ellipse is
determined by the lengths of the major axis and the minor
axis (L,, L,). Thus, the shape parameter may adopt Tan™"
(L/L,)=0 in this embodiment. For example, the second
object of the hamburger image 36 has a shape parameter of
0,,,. The shape parameter may vary with the geometry of the
shape used to denote the object 50. If an object comprises
several objects, the number of the shape parameters will
increase in principle, and the calculation method thereof will
be different. For the detailed technology of the shape param-
eter, refer to P. L. Rosin, “Measuring Shape: Ellipticity,
Rectangularity, and Triangularity”, 15” Int. Conf., Pattern
Recognition, Vol. 1, pp. 952-955, 2000.

[0052] As each object 50 is denoted by an ellipse in this
embodiment, the position parameter may adopt the coordi-
nate of the center of the ellipse. For example, the second
object of the hamburger image 36 has a position parameter
of (x,,, Y,,). If one object comprises several objects, the
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position parameter may adopt the coordinate of the geo-
metrical center of the component objects.

[0053] Refer to FIG. 5 a flowchart of the process that the
image search engine searches for the relevant images
according to the present invention.

[0054] In Step S501, a user utilizes an image query
interface 34 shown in FIG. 6 to input his search queries. In
Step S502, the image query interface 34 presents several
sample images 60, as shown in FIG. 7. For example, when
the user inputs “hamburger” for a keyword query, several
hamburger images having been extracted with several fea-
ture parameters (such as color parameters, texture param-
eters, shape parameters, etc.) will be selected from the image
database 22 to function as sample images 60. It is to be noted
that the hamburger images herein are only to exemplify the
sample images.

[0055] Naturally, the sample images may also be the
pictures uploaded by the user himself. It is to be noted: the
pictures uploaded by the user himself cannot be used in an
image search unless they are processed by the object-
processing program to obtain a plurality of objects and the
corresponding parameters of each object.

[0056] In Step S503, the user may visually specify the
interested target feature points on the sample images. For
example, a user who interests in only the bun and patty of
a hamburger, may click a mouse button to select appropriate
regions on the hamburger images as target feature points
64a, 645 and 64c, as shown in FIG. 7. The number of the
target feature points 64 should be greater than or equal to 1.
Describe the above statement with a mathematical expres-
sion: The user selects q target feature points, and q=1.
[0057] After selecting the feature points, the user presses
the “Feature Point Selection Completion” button 62.
[0058] In Step S504, the image search system searches for
the target objects corresponding to the target feature points.
For example, as the sample image 60 in FIG. 3 is the
hamburger image 36 of the image database, the feature-point
check program 26 finds out in the hamburger image 36 the
objects corresponding to the target feature points 64a, 645
and 64¢ according to the coordinates of the target feature
points 6da, 645 and 64. In other words, the feature-point
check program finds out three corresponding target objects
50a, 505 and 50c from the m, pieces of objects 50 of the
hamburger image 36.

[0059] In Step S505, the target objects corresponding to
the feature points are displayed. Thus, the user may notice
the target objects corresponding to the feature points he
selects.

[0060] In Step S506, the user determines whether the
presented target objects are exactly what he wants. If they
are not, the process returns to Step S503 to select another
target feature points again. The same process will be
repeated until satisfactory target objects are obtained.
[0061] In Step S507, the user presses the “Search” button
68 to terminate the query process and to start an image
search.

[0062] In Step S508, the feature-similarity calculation
program 28 undertakes the similarity calculations between
the target objects that the user selects and other images of the
images database 22 (referred to as candidate images there-
inafter). The similarity between each target object and the
object of the candidate image is calculated based on the
feature parameters (such as the color parameters, the texture
parameters and the shape parameters).



US 2007/0286531 Al

[0063] Theembodiment of the calculation of the similarity
between two objects is demonstrated below. The distance
(AD) between two candidate objects may be obtained from
the weighted summation of the distance between color
parameters, the distance between texture parameters and the
distance between shape parameters:

AD=W,AD +W AD AW, AD,

wherein AD_, AD, and AD; respectively denote the distance
between color parameters, the distance between texture
parameters and the distance between shape parameters, and
W_, W, and W, are respectively the weighting factors of the
distances of color, texture and shape. The weighting factors
may be W W, W.=0.5:0.3: 0.2.

[0064] Let the hamburger image 36 be a sample image 60,
and a similarity calculation is to be performed between the
sample image 60 and the j-th candidate image of the image
database 22. The similarity calculation is demonstrated with
the distance between the first object of the hamburger image
36 and the first object of the j-th candidate image:

AD={(h 4= j,1)2+(3i,1' j,1)2+(vi,l_vj,1)2}}l/2

_ 2 2 ; .
gﬁ/tg{(li,l,l_lj,l,l) Ht o=t ) N o)

AD~®,,-8, |

[0065] Before calculating the weighted sum AD, AD,
AD,, and AD,, should be respectively normalized to have a
value between 0 and 1. For the detailed normalization
technology, refer to Ruby L. Kennedy, Yuchun Lee, Ben-
jamin Van Roy, Chrostopher D. Reed and Richard P. Lipp-
mann, “Solving Data Mining Problems Through Pattern
Recognition 9(5): Normalizing data”, Prentice Hall, N.J.,
1998.

[0066] In the sample image 60, three feature points 64a,
64b and 64c correspond to three target objects 50a, 505 and
50c. Then, m, pieces of objects of the j-th candidate image
will be compared with the three target objects 50a, 505 and
50c.

[0067] The distance between the j-th candidate image and

each of the target objects 50a, 505 and 50c is calculated as
follows:

ADsq, ~Min(ADsq, 1, ADsg,5 -+ - ADsgy )

[0068] In other words, the distance between the target
object 50a and the j-th image is the distance between the
target object 50a and the object in j-th image that is closest
to the target object 50a. For example, if AD;,,, is the
minimum among all the distances, the second object of the
J-th candidate image is the candidate object corresponding to
the target object. Similarly,

ADsob,/:MiH(ADsob,h ADsob,z cee ADSOb,mj)
ADsoc./:MiH(ADsoc,b ADsges - - - ADSOc,mj)

[0069] In other words, comparing the similarity between
the q target objects and a plurality of objects of each
candidate image is to compare each of the q target objects
with the corresponding q candidate objects corresponding to
the target object, wherein the number of the corresponding
candidate objects amounts to g, and the corresponding
candidate object with respect to one target object is the
object in the candidate image that is closest to the target
object. In the abovementioned example, q=3.

Dec. 13, 2007

[0070] Thus, the distance between the target objects 50a,
506 and 50c¢ and the j-th candidate image is calculated as
follows:

ADsgp,~ADso, D5, #ADs,;

[0071] Therefore, in Step S508, the distances between the
target objects and all the candidate images are calculated.
Obviously, the i-th image is excluded from the calculations
because the i-th image is exactly the sample image 60 in this
embodiment. Suppose the number of the candidate images
amounts to 1000; thus, the following distance calculation
results will be obtained in Step S508:

ADSOabc,l: ADSOabc,Z e ADSOabc,QQQr A1)50al'7c,1000

[0072] It is to be noted: when the images of the image
database contain keywords, a key-word search may be
undertaken beforehand. For example, the hamburger image
36 has two keywords: “hamburger” and “food”, and there
are totally fifty candidate images having the keywords
“hamburger” and “food” in the image database; then, the
similarity calculations may only apply to the fifty candidate
images.

[0073] In Step S509, the sorting program 30 arranges the
candidate images in sequence according to the results of the
similarity calculations and then outputs the candidate images
in sequence, as shown in FIG. 8.

[0074] For the example mentioned above, the smaller the
values of ADsoup0 1, ADsogpes - - - ADsounc 90, ADsogpe 1005
the more front the positions of the corresponding more
relevant candidate images.

[0075] The amount of the output candidate images
arranged in order may be predetermined by an appropriate
number or determined by the value of AD less than a
specified number.

[0076] Besides, if a web search page (such as the
Microsoft Internet Explorer) is used as the operating inter-
face, the top ten similar images may be presented firstly. If
the user wants to view the next batch of images, he may click
on the “Next” button to ask the image search system to
transmit the next ten relevant images.

[0077] In the present invention, image search may be
based on several sample images 60. As shown in F1G. 9, the
image search interface presents two sample images 60a and
605. A user may select three feature points from the sample
image 60a and also selects feature points (such as three
feature points) from the sample image 605. Then, the user
may utilize logic operations, such as “AND”, “NOT”, “OR”
and “XOR”, to combine the feature points. For example, the
user may use “AND” to combine the six feature points; thus,
the Step S504 will find out six target objects corresponding
the six feature points; the image search system will utilize
the feature parameters corresponding to the six target objects
to find out the images having objects similar to the six target
objects.

[0078] Describe the above statement with a mathematical
expression: The image search interface 34 presents p sample
images, and a user selects q feature points from the p sample
images, wherein p21, and q=1. In the embodiment men-
tioned above, p=2, and g=6. More precisely to speak, the q
target points include ql target points of the sample image
60a and q2 target points of the sample image 605, and
g=ql+q2 (e.g. 6=3+3). Thus, the image search system will
find out the relevant images containing both q1 target objects
and g2 target objects.
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[0079] When the user adopts “NOT” to combine the target
feature points, the image search system will find out the
relevant images containing the q1 target objects but not the
q2 target objects. In the case that the q2 target objects are
combined with the q1 target objects by “NOT”, the contri-
bution of the q2 target objects to the total similarity of a
candidate image is equal to (1-ADq2), wherein ADq2 has
been calculated and normalized by itself alone.

[0080] In the abovementioned embodiment, the ql target
objects and the q2 target objects respectively belong to
different images. However, the q target objects may also
belong to a same image, and the q target objects are divided
into q1 target objects and g2 target objects, and then the ql
target objects and the q2 target objects are combined by
“AND” or “OR” operations.

[0081] Therefore, in the present invention, when there is a
plurality of target objects, image search may be performed
on the combination of the target objects with logic opera-
tions, such as “AND”, “NOT”, “OR” and “XOR”. Further,
in Step S504, the search conditions may include the position
relationship of the target objects 504, 505 and 50c. When a
candidate image containing the 3 candidate objects with a
position relationship different that of the target objects 50a,
505 and 50c, the candidate image will be determined to be
dissimilar, or the similarity value thereof is reduced. For the
position relationship of a plurality of objects, refer to S. Y.
Lee, M. C. Yang and J. W. Chen, “2D B-string: a spatial
knowledge representation for image database systems”, in
Proc. ICSC’92 Second Int. Computer Sci. Conf., 1992; and
Li, X. and Qu, X., “Matching Spatial Relations Using
db-Tree for Image Retrieval”, in Proc. ICPR’98, 1998, pp.
1230-1234. Below, a simple embodiment is used to demon-
strate the image search including a position relationship
condition.

[0082] The method for comparing the position relation-
ships of a plurality of objects is to construct a relative-
position matrix for the query objects. The relative position of
target objects E1, E2, E3, and E4 is shown in FIG. 10. The
relative positions of two objects may be simply quantified
into right (R), left (L), up (U), down (D), right up (RU), up
left (UL), left down (LD), and down right (DR). Then, the
relative positions of the abovementioned four objects may
be recorded with the matrix shown in FIG. 11. The relative
positions between two objects are symmetric. If the relative
position of object E1 to object E2 is known, the relative
position of B2 to E1 is known also. Therefore, recording the
relative position of object E2 to object E1 is unnecessary.
Thus, the relative positions shown in FIG. 10 may be
recorded with a simplified matrix as shown in FIG. 12,
wherein only four relative positions-left (L), down (D), left
down (LD) and down right (DR) are needed.

[0083] Therefore, the four candidate objects F1, F2, F3
and F4 shown in FIG. 13 may be recorded with the matrix
shown in FIG. 14; the four candidate objects G1, G2, G3 and
G4 shown in FIG. 15 may be recorded with the matrix
shown in FIG. 16.

[0084] By comparing the matrix shown in FIG. 14 with the
matrix shown in FIG. 12, it is found that the two matrixes are
identical. Therefore, the position relationships of the four
candidate objects F1, F2, F3 and F4 is the same as that of the
four target objects E1, E2, E3, and E4.

[0085] By comparing the matrix shown in FIG. 16 with the
matrix shown in FIG. 12, and it is found that the two
matrixes are not identical. Therefore, the position relation-
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ships of the four candidate objects G1, G2, G3 and G4 is
somewhat different from that of the four target objects El,
E2, E3, and E4.

[0086] In conclusion, the present invention proposes an
object-based image search system and a method thereof,
which comprise a feature-point checking program, a feature-
similarity calculating program, a sorting program, an object-
processing program and an image query interface, wherein
a user may directly specify target feature points from the
sample images on the image query interface, and the user
may combine the target feature points with logic operations,
such as “AND”, “NOT”, “OR” and “XOR”, to form the
desired comparing conditions for the similarity analysis of
the candidate images; the system then presents the relevant
images according to the sequence of similarity. Via the
humanized operating interface of the present invention, a
user may directly specify the desired objects without using
any image-segmenting software tool. Thus, the user is free
from the trouble of learning a new software and the errors
caused by misusing an image-segmenting software.

[0087] Those described above are only the preferred
embodiments to exemplify the present invention. However,
it is not intended to limit the scope of the present invention.
Any equivalent modification and variation according to the
spirit of the present invention is to be also included within
the scope of the present invention.

What is claimed is:

1. An image search method, which retrieves at least one
relevant image from a plurality of candidate images via
computerized calculations, wherein each said candidate
image has at least one candidate object, and each said
candidate object has a plurality of candidate-object feature
parameters, comprising the following steps:

a. providing an image query interface, wherein said image
query interface presents p sample images, and a user
selects q target feature points from said p sample
images, where p=1, and q21;

b. locating q corresponding target objects from said p
sample images according to said q target feature points,
wherein each of said q target objects has a plurality of
target-object feature parameters;

¢. performing similarity calculations between said q target
objects and said plurality of said candidate images to
retrieve images relevant to said q target objects,
wherein each said candidate image has at least one
candidate object, and said candidate object has a plu-
rality of candidate-object feature parameters that coop-
erate with said target-object feature parameters of said
q target objects to implement said similarity calcula-
tions; and

d. arranging said candidate images in sequence according
to values obtained in said similarity calculations and
outputting said candidate images having been arranged
in sequence.

2. An image search method according to claim 1, wherein

p=2.

3. An image search method according to claim 1, wherein
said target-object feature parameters include at least one
target-object color parameter, at least one target-object tex-
ture parameter and at least one target-object shape param-
eter; said candidate-object feature parameters include at
least one candidate-object color parameter, at least one
candidate-object texture parameter and at least one candi-
date-object shape parameter.
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4. An image search method according to claim 3, wherein
said target-object feature parameters further comprise at
least one target-object position parameter; said candidate-
object feature parameters further comprise at least one
candidate-object position parameter.

5. An image search method according to claim 4, wherein
performing similarity calculations between said q target
objects and a plurality of said candidate objects of each said
candidate image further comprise performing similarity cal-
culations between said target-object position parameters of
said q target objects and said candidate-object position
parameters of said plurality of said candidate objects.

6. An image search method according to claim 1, wherein
said sample images are images uploaded by a user or images
stored in a computer database and processed by a program.

7. An image search method according to claim 1, wherein
said target objects of said sample images are combined by
logic operations to meet search requirements.

8. An image search method according to claim 7 com-
prising similarity calculations between each said candidate
object of said plurality of said candidate images and a
plurality of said target objects combined by a logic opera-
tion.

9. An image search system, which retrieves at least one
relevant image from a plurality of candidate images via
computerized calculations and comprises a processor, a
memory and a storage device, wherein said memory has an
image search engine, and said storage device has an image
database, and said image database contains a plurality of
candidate images, and said processor operates said image
search engine to realize the following mechanisms:

Mechanism A: providing an image query interface,

wherein said image query interface presents p sample
images, and a user selects q target feature points from
said p sample images, where p=1, and q21;

Mechanism B: locating q corresponding target objects

from said p sample images according to said q target
feature points, wherein each of said q target objects has
a plurality of target-object feature parameters;
Mechanism C: performing similarity calculations
between said q target objects and said plurality of said
candidate images to retrieve images relevant to said q
target objects, wherein each said candidate image has at
least one candidate object, and said candidate object
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has a plurality of candidate-object feature parameters
that cooperate with said target-object feature param-
eters of said q target objects to implement said simi-
larity calculations; and

Mechanism D: arranging said candidate images in

sequence according to values obtained in said similarity
calculations and outputting said candidate images hav-
ing been arranged in sequence.

10. An image search system according to claim 9, wherein
p=2.

11. An image search system according to claim 9, wherein
said target-object feature parameters include at least one
target-object color parameter, at least one target-object tex-
ture parameter and at least one target-object shape param-
eter; said candidate-object feature parameters include at
least one candidate-object color parameter, at least one
candidate-object texture parameter and at least one candi-
date-object shape parameter.

12. An image search system according to claim 11,
wherein said target-object feature parameters further com-
prise at least one target-object position parameter; said
candidate-object feature parameters further comprise at least
one candidate-object position parameter.

13. An image search system according to claim 12,
wherein performing similarity calculations between said q
target objects and a plurality of said candidate objects of
each said candidate image further comprises performing
similarity calculations between said target-object position
parameters of said q target objects and said candidate-object
position parameters of said plurality of said candidate
objects.

14. An image search system according to claim 9, wherein
said sample images are images uploaded by a user or images
stored in a computer database and processed by a program.

15. An image search system according to claim 9, wherein
said target objects of said sample images are combined by
logic operations to meet search requirements.

16. An image search system according to claim 15 com-
prising similarity calculations between each said candidate
object of said plurality of said candidate images and a
plurality of said target objects combined by a logic opera-
tion.



